Background: Lead exposure can cause adverse effects on the reproductive system. This study
INTRODUCTION
Alongside worldwide environmental pollution heavy metal poisoning became a progressively serious world health problem (1) . There were innumerable sources of lead in our environment such as lead-acid batteries, water pipes, lead based paints, weapons lead shot and bullets, cosmetics, alternate and folk medicines and yet a number of low-cost toys (2). Regrettably, a major resource of lead exposure was air and soil pollution from leaded gasoline (3,4).
Exposures to lead affected various physiological processes as energy metabolism, apoptosis, cell adhesion, intercellular and intracellular signaling, protein maturation and genetic regulation.
Therefore, lead poisoning exhibited significant manifestations for instance hypertension, anemia, nephropathy, infertility, behavioral changes besides severe conditions as acute encephalopathy and death (5). Infertility affects about fifteen percent of couples frustrating to conceive (6). The mechanisms of lead toxicity were multifaceted.
Lead induced oxidative stress, altered membrane biophysics, deregulated cell signaling, and impaired neurotransmission (7).Oxidative stress (OS) was related to male and female infertility [8] .
OS was a state of increased cellular damage occurred when the production of reactive oxygen species (ROS) exceeded the body's anti-oxidant defenses. ROS molecules bind with protein, lipid, carbohydrates and DNA within the cells caused pathological reactions that resulted in cellular damage included cell membranes and genetic materials (9).
Apoptosis is an active, exactingly regulated, energy dependent cell death process (10). It was required for normal development and maintaining normal homeostasis (11). Caspases played vital roles in apoptosis. Caspases activation was followed by a chain of cellular modulation such as condensation of chromatin, fragmentation of DNA, blabbing and shrinkage of the cell membrane (10).
The majority of the chelating agents used in management of lead poisoning had serious side effects and their effects were frequently temporary (12) . Thus, the use of agents such as vitamin E that treat lead poisoning is considered to be an important therapeutic strategy. The beneficial effect of vitamin E on reproductive system was demonstrated on several studies (13-15).
So, the aim of this experimental study was to find out the effect of chronic administration of lead on gonadal functions in both male and female adult Westar albino rats and possible mechanisms of lead toxicity. Also, to find out the possible protective and therapeutic effects of administration of vitamin E on gonadal toxicity induced by chronic lead administration. Thus, levels of luteinizing hormone (LH), follicle stimulating hormone (FSH) in male and female rats, testosterone in males and estradiol and progesterone in female rats were measured as well as histological examination of pituitary gland, ovaries and testes were done. To investigate the possible mechanisms of chronic lead toxicity related to oxidative stress and apoptosis and effect of vitamin E administration on it, serum level of malondialdehyde (MDA) as a marker of oxidative stress and total anti-oxidative capacity (TAC) as a marker of antioxidant and caspase 3 as a marker of apoptosis were measured.
MATERIALS AND METHODS

Animals
One hundred and four Westar White Albino adult rats (initial age ranged from 8 to 10 weeks), initially weighed 180-200 gram (52 males and 52 females), obtained from the animal house of the Faculty of Medicine, Assiut University, Egypt.
The animals housed in clean, properly ventilated cages, 3-4 rats in each cage and maintained on standard laboratory diet, with free access to food and water throughout the study period. They maintained under a natural light-dark cycle and room temperature. All experimental protocols followed the guidelines of the Animal Committee of the Faculty of Medicine of Assiut University.
Experimental Design
The animals were divided into four groups as follow: Group I (normal control group): It consisted of 24 rats. Of them, 12 rats (6 males and 6 females) received distilled water (DW) (vehicle of lead), 12 rats (6 males and 6 females) received olive oil orally (vehicle of vitamin E) by intraperitoneal (i.p.) injection in the same volume as lead exposed groups. The animals sacrificed after 6 weeks; Group II: It consisted of 40 rats (20 males and 20 females). This group was subdivided into 2 subgroups: Group IIa (Lead exposed group):
It consisted of 20 rats (10 males and 10 females) injected with lead acetate (10 mg/kg/day 5 times/week, i.p. for 6 weeks) (purchased from AlNasr pharmaceutical chemicals company, Egypt, and dissolved in distilled water). The animals sacrificed after 6 weeks; Group IIb (Lead withdrawal group): It consisted of 20 rats (10 males and 10 females) injected with lead acetate (10 mg/kg/day 5 times/week, i.p. for 6 week). The animals sacrificed 6 weeks after stoppage of lead injection; Group III (Lead then vitamin E group):
It consisted of 20 rats (10 males and 10 females) injected with lead acetate (10 mg/kg/day 5 times/week, i.p. for 6 weeks) followed by oral administration of vitamin E (50 mg/kg/day by stomach tube 5 times/week for another 6 weeks 
Sample Collection
Immediately at the end of the experiments, rats sacrificed by cervical dislocation. 
Statistical Analysis
Data were analysed using SPSS version 20. All values were expressed as means ± standard deviation (SD). Differences among the groups were compared by ANOVA test followed by least significance difference (LSD) comparison tests.
The level of significance was considered at P <0.05. Data were expressed as mean ± SD. LH: Luteinizing hormone, FSH: Follicle stimulating hormone. Analysis between groups was done using one way ANOVA test (LSD equation). *: P < 0.05, **: P < 0.01, and ***: P < 0.001 compared to the control level with distilled water; †: P < 0.05, † †: P < 0.01, † † †: P < 0.001 compared to the lead exposed group.
RESULTS
Plasma levels of gonadotrophic hormones and gonadal hormones
In comparison to the control group, lead administration significantly decreased the plasma levels of gonadotrophic hormones (P ˂ 0.01 for LH and P ˂ 0.05 for FSH) and gonadal hormones (P ˂ 0.001 for estradiol, P ˂ 0.01 for progesterone and P ˂ 0.01 for testosterone Data were expressed as mean ± SD. Analysis between groups was done using one way ANOVA test (LSD equation). *: P < 0.05, and ***: P < 0.001 compared to the control level with distilled water; †: P < 0.05, † †: P < 0.01, † † †: P < 0.001 compared to the lead exposed group, § § §: P < 0.001 compared to the lead withdrawal group.
Plasma levels of TAC, MDA and caspase 3
Lead administration significantly decreased the plasma levels of TAC (P ˂ 0.001) while, significantly increased the plasma levels MDA (P ˂ 0.001) and caspase 3 (P ˂ 0.05) compared to the control group. Lead withdrawal significantly decreased the plasma level of MDA (P ˂ 0.01, P ˂ 0.05 in males and females, respectively) with insignificant decreased in caspase 3 as compared to lead exposed group, however the plasma level of TAC is still significantly decreased than normal (P ˂ 0.001). The administration of vitamin E after lead or with lead exposure resulted in a significant increase in TAC (P ˂ 0.001) and a significant decrease in MDA (P ˂ 0.001, P ˂ 0.01 in males and females, respectively) and caspase 3 (P ˂ 0.05) compared to lead exposed group with insignificant difference with the lead withdrawal group as regard MDA and caspase 3. However, TAC level was significantly increased in vitamin E treated group compared to lead withdrawal group (Table   2) . Zealand white rabbit fed high cholesterol diet (57).
Histopathological electron microscopic (EM
In conclusion, this study demonstrated that vitamin E, through its antioxidant and anti-apoptotic activity, has protective and therapeutic effects on 
